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H I G H  PRESSURE STUDY OF PHASE TRANSITIONS I N  DMPC- 
WATER SYSTEM 
R.SHASHIDHAR,* B.P .GABER+,  S.KRISHNA PRASAD* and 
s . CHANDRASEKHAR* 
* 
Raman Research I n s t i t u t e ,  Bangalore 560080, Ind ia  
'Naval Research Laboratory,  Washington, D.C.20375, USA 
We have c a r r i e d  o u t  a d e t a i l e d  p re s su re  s tudy of  t h e  
t h r e e  phase t r a n s i t i o n s  observed i n  hydrated dimyri-  
s t o y l  phosphat idylchol ine (DMPC) conta in ing  95% by 
weight of  water .  The P-T diagram shows a Gel I I I -  
Gel 11-Gel I t r i p l e  po in t  a t  3 .5  kbar ,  41°C. I t  is  
found t h a t  t h e  Gel I11 phase can be obtained by 
pressure-anneal ing t h e  sample f o r  about 1 2  hours a t  
room temperature .  
INTRODUCTION 
Phase t r a n s i t i o n s  i n  hydrated d imyr is toyl  phosphat idyl  
chol ine  (DMPC) have been inves t iga t ed  i n  d e t a i l .  
low hydra t ion  regime, t h e r e  a r e  fou r  d i s t i n c t  t r a n s i t i o n s  
whose temperatures  vary s i g n i f i c a n t l y  with water  conten t .  
However f o r  water  concent ra t ions  g r e a t e r  than about 30% (by 
weight ) ,  t h e  t r a n s i t i o n s  a r e  independent of t h e  composition: 
t h e r e  is  a main t r a n s i t i o n  a t  %24OC and a pre t rans i t i on  at 
% 14OC.I 
l i q u i d  c r y s t a l l i n e  phase and a s o l i d - l i k e  gel  phase (Gel I) 
and t h e  p r e t r a n s i t i o n  between t h e  Gel I phase and another  
ge l  phase (Gel 11) .  The s t r u c t u r e s  of  t hese  phases appear 
In  t h e  1-5 
The main t r a n s i t i o n  occurs  between a f l u i d - l i k e  
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to be well estab1ished.I 
a lamellar structure with the hydrocarbon chains confor- 
mationally disordered /Fig.la). 
dimensional lattice structure in which the lipid bilayer 
The liquid crystalline phase has 
The Gel I phase has a two- 
Figure 1 Schematic representation of the structures of 
fa) Liquid crystal, fb)  Gel I, and f c )  Gel I1 
phases of hydrated DMPC. 
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HIGH PRESSURE STUDY OF HYDRATED DMPC 155 
lamellae a r e  d i s t o r t e d  by a p e r i o d i c  r i p p l e  i n  t h e  p lane  of 
t h e  lamellae /F ig . lb ) ;  t h e  hydrocarbon cha ins  are i n  a r e l a -  
t i v e l y  ordered s t a t e  and t i l t e d  with r e spec t  t o  t h e  b i l a y e r  
normal and packed i n  a r egu la r  hexagonal l a t t i c e .  The Gel 
I1 phase has a lamel la r  b i l a y e r  arrangement with t h e  hydro- 
carbon chains  f u l l y  extended and t i l t e d ,  bu t  packed i n  a 
d i s t o r t e d  hexagonal l a t t i c e  [Fig.  l c )  . Recently,  a t h i r d  
5 t r a n s i t i o n  [Gel 11-Gel 111) has been observed a t  -6OOC. 
The s t r u c t u r e  of t h e  Gel I11 phase i s  s t i l l  t o  be 
e luc ida ted .  
There have been some p res su re  experiments on t h e  DMPC- 
9 water  
have been concerned with t h e  main t r a n s i t i o n  only.  
e t  a1  have repor ted  measurements f o r  a l l  t h r e e  t r a n s i t i o n s ,  
but  t h e  da t a  a r e  no t  adequate t o  cons t ruc t  a complete 
pressure- temperature  (P-T) diagram f o r  t h i s  system. In  t h i s  
paper we descr ibe  a more d e t a i l e d  p re s su re  s tudy up t o  4 . 2  
kbar o f  t h e  t r a n s i t i o n s  i n  hydrated DMPC [containing 95 w t  % 
of  water ) .  
bu t  a l l  o f  them (except t h a t  of Wong e t  a1 ) 
Wong 
9 
EXPERIMENTAL 
A. Sample p repa ra t ion  
DMPC was purchased from Avanti Po la r  Lipids ,  Alabama and 
used without f u r t h e r  p u r i f i c a t i o n .  
l i p i d  was d isso lved  i n  chloroform. The so lven t  was removed 
by drying overnight  i n  vacuum (1 mm). The phosphol ipid was 
then d ispersed  i n  1 cc  of  0 .1  molar K C 1  i n  water ,  warmed t o  
35OC and a g i t a t e d  gen t ly  u n t i l  t h e  sample became milky white .  
D i f f e r e n t i a l  scanning ca lor imet ry  runs ,  p a r t i c u l a r l y  o f  t h e  
p r e t r a n s i t i o n ,  showed t h a t  t h e  sample was well homogenised. 
Also, t h e  t r a n s i t i o n  temperatures  a t  1 b a r  agreed very wel l  
50 mg of t h e  phospho- 
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with those  repor ted  i n  t h e  l i t e r a t u r e .  
B.  P ressure  apparatus  
The phase t r a n s i t i o n s  were de tec ted  by t h e  o p t i c a l  t r a n s -  
mission technique.  
f o r  t h e  experiments.  
two o p t i c a l l y  pol i shed  sapphi re  cy l inde r s  which a r e  
cncloscd i n  a f l u r a n  tube  s o  t h a t  t h c  sample i s  
from t h e  p re s su re  t r ansmi t t i ng  f l u i d  (P lexol ) .  
th ickness  was about 0 .5  mm. 
conducted along i soba r s  and i n  t h e  hea t ing  mode, i . e . ,  t h e  
t r a n s i t i o n  temperature a t  any p res su re  was detcrmined by 
r a i s i n g  t h e  temperature  a t  a cons tan t  r a t e  of  1°C/min. 
temperature  a t  which t h e r e  was an abrupt  change of  t r a n s -  
mi t ted  l i g h t  i n t e n s i t y  was taken a s  t h c  t r a n s i t i o n  tempera- 
t u r e .  Typical  curves f o r  t h e  t r ansmi t t ed  l i g h t  i n t e n s i t y  
a r e  shown i n  Fig.2.  
o f  +1.5 ba r s  us ing  a Heise Gauge. 
determined t o  an accuracy of  +O.OS0C - us ing  a thermocouple 
whose junc t ion  was loca ted  i n  t h e  i n t e r i o r  of t h e  p re s su re  
c e l l .  
elsewhere.  
An o p t i c a l  high p res su re  c e l l  was used 
Hydrated DMPC was sandwiched between 
i s o l a t e d  
The sample 
The experiments were always 
The 
Prcssures  were neasured t o  a p rec i s ion  
The temperatures  were 
Fur ther  d e t a i l s  of t h e  s e t  up are descr ibed 
10,11 
RESULTS AND DISCUSSION 
Both t h e  p r e t r a n s i t i o n  and t h e  main t r a n s i t i o n  
followed as func t ions  of  p re s su re  s t a r t i n g  from atmospheric 
p re s su re .  However, it was not  poss ib l e  t o  observe t h e  
Gel 111-Gel I1 t r a n s i t i o n  a t  lower p re s su res .  (As a l ready  
mentioned t h i s  t r a n s i t i o n  occurs a t  -6OOC a t  1 b a r ) .  This 
was because t h e  p re s su re  c e l l  could not  be used below 6OC, 
t h e  ' 0 '  r i n g s  used i n  t h e  ce l l  los ing  t h e i r  s e a l i n g  
proper ty  below t h i s  temperature .  Howevcr, it was found t h a t  
could be 
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1 I I I I I I I ,  I I I 
20 29 30 30 39 40 " 80 81 82 
T ( O C )  
Figure 2 Raw t r a c e s  showing t h e  change i n  t h e  t r a n s -  
mi t t ed  l i g h t  i n t e n s i t y  a t  t h e  t r a n s i t i o n s ;  
( a )  Gel 111-Gel 11, 3.10 kbar ,  (b) Gel II- 
Gel I ,  3.10 kbar ,  [c) Gel I -L iqu i i  Crys t a l ,  
3 .12  kbar .  The hea t ing  r a t e  i s  1 C/min. f o r  
a l l  t h e  t r a n s i t i o n s .  
f o r  [ a ) ,  [b) and [c) a r e  d i f f e r e n t .  
The i n t e n s i t y  s c a l e s  
by keeping t h e  sample a t  room temperature  and a t  a p res su re  
of  3 kbar  f o r  about 1 2  hours ,  t h e  material formed t h e  Gel 
I11 phase,  and t h e  Gel 111-Gel I1 t r a n s i t i o n  could be 
c l e a r l y  observed. 
t h e  sample had t o  be p re s su re  annealed once aga in  i n  o rde r  
t o  re-observe t h e  t r a n s i t i o n .  
p ressure-annea l ing  a t  d i f f e r e n t  p r e s s u r e s ,  it was p o s s i b l e  
t o  fo l low t h e  Gel 111-Gel I1 t r a n s i t i o n  f o r  p re s su res  
beyond 3 kbar .  
Having once observed t h i s  t r a n s i t i o n ,  
Therefore  by success ive  
The P-T diagram showing a l l  t h e  t h r e e  phase t r a n s i t i o n s  
i s  given i n  Figure 3 .  I t  i s  seen t h a t  t h e  range of t h e  
Gel I phase inc reases  wi th  inc reas ing  p res su re ,  showing 
thereby  t h a t  t h e  i n t e r a c t i o n s  r e spons ib l e  f o r  t h e  formation 
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Figure 3 P-T diagram of hydrated DMPC. The Gel I11 - 
Gel I1 -Gel I t r i p l e  po in t  i s  a t  3.5 kbar ,  41°C. 
of  t h e  hexagonally ordered Gel I phase a r e  probably s t a b i -  
l i s e d  a t  high p res su res .  The v a r i a t i o n  o f  t h e  Gel I - l i q u i d  
c r y s t a l  a s  wel l  as t h a t  o f  t h e  Gel 11-Gel I phase bounda- 
r ies  a r e  l i n e a r  up t o  about 1 . 2  kbar  beyond which t h e r e  i s  
a small  curva ture  towards t h e  p re s su re  a x i s ,  a f e a t u r e  
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which i s  commonly observed i n  thermotropic  l i q u i d  
c r y s t a l  systems.  
p o r t i o n s  of  t h e  phase boundaries  a r e  21.4'C/kbar and 
10.6°C/kbar r e s p e c t i v e l y .  
1 b a r  €or t h e  Gel - l iqu id  c r y s t a l  t r a n s i t i o n s  i s  known, 
The dT/dP corresponding t o  t h e  l i n e a r  
Since t h e  volume change a t  
1 2  
AV = 27 x cc/gm, dT/dP can be ca l cu la t ed  from 
Clausius-Clapeyron equat ion  us ing  our va lue  of AH = 6.4 
kcal/mol as measured by DSC. The va lue  comes out  t o  be 
21.g°C/kbar which compares very wel l  wi th  t h e  expe r i -  
mental va lue  o f  21.4OC/kbar. 
The Gel 111-Gel I1 t r a n s i t i o n  l i n e  when ex t r apo la t ed  
l i n e a r l y  t o  atmospheric p re s su re  g ives  a t r a n s i t i o n  tempe- 
r a t u r e  of about -60 C ,  i n  agreement wi th  t h e  va lue  repor-  
t e x  by Wong and Mantsch.' The Gel I1 phase decreases  i n  
range with inc reas ing  p res su re  and u l t i m a t e l y  g e t s  boun- 
ded a t  3 .5  kbar ;  beyond t h i s  p re s su re  Gel I11 transforms 
d i r e c t l y  t o  Gel I .  We thus  have a Gel 111-Gel 11-Gel I 
tripZe po in t  a t  3 .5  kbar ,  41OC. 
va lues  f o r  t h e  t h r e e  boundaries  a t  t h e  t r i p l e  p o i n t .  
dT/dP va lues  der ived  from t h e  i n i t i a l  l i n e a r  p o r t i o n s  of  
t h e  Gel 11-Gel I and Gel I - l i q u i d  c r y s t a l  boundaries  a r e  
a l s o  given i n  t h e  same t a b l e  f o r  comparison. 
0 
Table 1 g ives  t h e  dT/dP 
The 
0 TABLE I dT/dP va lues  { in  C/kbar) f o r  t h e  
va r ious  t r a n s i t i o n s  i n  hydrated DMPC 
dT/dP dT/dP a t  t h e  
a t  1 b a r  t r i p l e  p o i n t  T rans i t i on  
Gel I - Liquid 2 1 . 4  - 
Gel I1 - Gel I 10 .6  5 . 1  
Gel I11 - Gel I1 - 29.2 
Gel I11 - Gel I - 20.0 
c r y s t a l  
D
o
w
n
lo
ad
ed
 A
t:
 0
9:
57
 2
0 
Ja
nu
ar
y 
20
11
160 R. SHASHIDHAR et al. 
Experiments on hydrated dipalmitoyl phosphatidyl 
choline(DPPC) are under way and will be reported elsewhere. 
It is also proposed to take up high pressure Xray studies 
to investigate in some detail the structural changes invol- 
ved in these transitions. 
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